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[57] ABSTRACT

A circuit for protecting a ballast in a high pressure
metal vapor, such as sodium, lamp system which in-
cludes means for interrupting the power supply to the
ballast 1in the event that no current is flowing through
the lamp, once the system has been energized. The
circuit has automatic compensation for short interrup-
tions and for the time which it normally requires for the
lamp to ignite. The absence of current flow through the
lamp 1s sensed and this information used to provide the
protection. -

6 Claims, 1 Drawing Figure
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BALLAST DE-ENERGIZING CIRCUIT FOR HIGH
PRESSURE METAL VAPOR LAMP SYSTEM

FIELD AND BACKGROUND OF THE
INVENTION -

This invention relates generally to high pressure
metal vapor, such as sodium, lamp systems and more
particularly is concerned with a circuit in which means
are provided for interrupting power to the ballast of the
system if the system should be energized while there is
no lamp. connected therein or if the high pressure metal
“vapor lamp is or becomes inoperative. Although not
limited thereto, the invention will be described as ap-
plied to sodium vapor lamps.

The conventional high pressure sodium vapor (here-
inafter HPSV) lamp system comprises a ballast whose
input is connected to a relatively low voltage source of

a.c. power and whose output has the HPSV lamp con-
nected therein. The usual line furnished by the power

company is at 120 volts. The ballast is required to per-
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example by a line failure or switching disconnection,
the pulsing device again commences to operate to at-
tempt to re-ignite the lamp. If the lamp is hot as is usual
with HPSV lamps, the lamp will typically re-ignite in
about a minute.

Normal use of a ballast in an HPSV lamp system will
ensure ballast life of several years for a good quality
product. The cost of HPSV ballasts which include the
pulsing circuits described is substantially higher than
the relatively simple ballasts of the type used for fluo-
rescent lamp systems. Accordingly, any conditions
which tend to decrease the life of a ballast for an HPSV
lamp system must be avoided for economy as well as
safety.

The principal problem with these systems is that the
failureof the HPSV lamp to ignite for any reason keeps
the pulsing circuit operating. The pulsing circuit or

 igniter, as it is often called, is not built for this type of
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form several functions which comprise stepping up the

line voltage to a voltage which will keep the HPSV
lamp ignited; limiting the electric current which flows
through the lamp once it has ignited; and furnishing the
high voltage in the form of pulses required to ignite the
lamp in the first place.

A metal vapor lamp is a gaseous discharge device and
hence it requires a voltage much higher than its operat-
ing voltage to ignite it. In the case of the HPSV lamp
this voltage is much greater than the operating voltage
and may be as much as fifty times that voltage. This
type of ballast typically includes a pulsing circuit which
repeatedly applies high voltage pulses to the lamp until
the lamp ignites and the flow of current causes the
pulsing to stop. There are many variations of these
pulsing circuits, and they are not intended to be contin-

ually energized; hence the components thereof are not
built to carry high currents or to be subjected to the
stress of continuous high voltage pulsing. These pulsing
circuits are represented in the prior art by such patents
as Attewell U.S. Pat. No. 3,407,334; Nuckolls U.S. Pat.
No. 3,917,976; Nuckolls U.S. Pat. No. 3,963,958; and
many others in related classes.

As in the case of all gaseous discharge lamps, since
the lamp is a negative resistance device, as soon as ig-
nited the lamp impedance drops drastically since igni-
tion actually comprises ionization of the gas within the
lamp envelope. The ballast of the system provides impe-
dance as soon as current flows to limit the current, as
for example, by utilization of a high leakage reactance
transformer as one of the components. Ballasts for rela-
tively low voltage lamps, such as for example fluores-
cent types, normally have no special pulsing circuits for
ignition since the ratio of igniting to operating voltage is
usually of the order of two to one. |

In the case of the HPSV lamp system, when electrical
power is applied to the input circuit of the ballast, the
pulsing section commences to operate. High voltage
pulses are applied to the HPSV lamp and in a few sec-
onds when the lamp is cold, the lamp ignites and operat-
ing current flows through the ballast. By suitable self-
operating switching means, the pulsing section of the
ballast ceases operating and the current then flows
through the portions of the ballast which are designed
to carry this current normally.

In the event that electrical power is interrupted mo-
mentarily and then reapplied to the ballast input, as for
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continuous operation. Thus, since it is sold with the
ballast, failure of the igniter results in loss of the entire
ballast. This is true notwithstanding the fact that there is
no failure of any other part of the ballast since there is
no current flowing therein. As a matter of fact, the
failure of fluorescent lamps in a typical system has no
effect on most of the types of ballasts used therewith.
An HPSV lamp ballast connected to a lamp that is not
ignited or capable of being ignited cannot be expected

to last for more than a couple of months.

Manufacturers of HPSV lighting equipment have
attempted to obviate the loss of ballasts by educating
their users to replace the HPSV lamps as soon as any
failure is noted. In many instances, however, the physi-
cal location of the lamps or the expense of labor for
replacement may result in delay which can be long
enough to destroy the igniter or reduce its life materi-
ally. The ballast must be repaired or discarded when its
igniter fails. It will remain inoperative until then.

According to the invention a circuit is proposed
which includes means for sensing the flow of current
through the HPSV lamp or the absence thereof to keep
the ballast energized or to de-energize the same, respec-
tively. By time delay means the normal time that 1s
required for the HPSV lamp to ignite when hot 1s com-
pensated for.

The following prior art is of interest:

Feinberg et al. U.S. Pat. No. 3,287,599;

Lee U.S. Pat. No. 3,721,832;

Rosen U.S. Pat. No. 3,890,545.

The Feinberg patent discloses a fault indicating cir-
cuit for a fluorescent lamp system which is equipped
with an automatic resetting thermostat. Lee discloses a
timing circuit for use with pumps, air conditioners and
the like. Rosen describes a travelling wave tube protec-
tion circuit. None of these is believed to disclose the
claimed invention herein.

SUMMARY OF THE INVENTION

A circuit for the protection of ballasts used in high
pressure metal vapor lamp systems in which the ballast
includes an igniter for applying high voltage pulses to
the lamp during the ignition period.

A relay is connected in series with one input lead to
the ballast, the relay contacts being normally closed and
the relay solenoid being in series with a shunt conductor
extending to the other input lead. A second relay is
provided, its solenoid being in series with the output
leads and lamp, but its contacts being in series with the
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shunt conductor. This relay is also in normally closed
condition. A time delay period is built into the first relay
so that although energized, the solenoid will not open
the contacts until the time has elapsed. The time is
chosen to be slightly greater than that which will be
required for a hot lamp to be re-ignited.

When the system is energized and the lamp is cool,
the 1gniter puises the lamp and ignites it in a few sec-
onds. During this period of time the contacts of the first
relay remain closed and when current flows in the sec-
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ond solenoid because the lamp ignites, that solenoid

pulls its armature off the contacts of the second relay,
opening the shunt conductor and preventing opening of
the contacts of the first relay.

If, however, the lamp does not ignite, or is extin-
guished, or is not in place, current does not flow
through the second solenoid and the contacts of the
second relay keep the shunt conductor closed. After a
‘time delay the contacts of the first relay open, de-ener-
gizing the ballast, and remain open so long as the system
is connected to the power source.

The time delay arrangement enables the circuit to
ignore momentary inierruptions of power which would
extinguish and then quickly re-ignite the lamp.

The end result among others is protection of the
igniter components of the ballast.

BRIEF DESCRIPTION OF THE DRAWING

The single FIGURE is a circuit diagram, partially in
block form, showing the circuit of the invention applied
to a high pressure sodium vapor lamp system.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Looking now at the drawing, the reference character
19 designates a ballast and high pressure sodium vapor
lamp (HPSV) system which comprises a ballast 12 and
an HPSV lamp 14 connected in circuit together. The
ballast and HPSV lamp system 10 is adapted to be ener-
gized itom a suitable source of power such as a 120 volt
60 heriz line ai the terminals 20 and 22 by means of the
electrical leads 24 and 26 respectively extending to such
terminals. One of the terminals is conventionally
grounded. |

The ballast 12 is of the type generally used for metal
vapor lamps such as HPSV lamps. It is of conventional
construciion and generally will comprise a transformer
having a primary winding and at least one secondary
winding neither of which need be illustrated.

Conventional ballasts for high pressure metal vapor
lamps normally require the inclusion of a so-called ig-
niter or ignttion circuit. This comprises some means to
generate nitial ignition voltage pulses which may be as
much zs ten to fifiy times the operating voltage of the
lamp. Thus an igaiter is included in the ballast 12 which
will automatically aitempt to ignite the lamp 14 by
means of high voltage pulses generated through switch-
ing components or the like when the ballast 12 is ener-
gized.

For purposes of explanation it will be understood that
the leads 26 and 28 extend to the primary or input wind-
ing of the ballast 12 and leads 30 and 32 extend from the
secondary or ouiput winding. One side of the input
circuit of the bailast 12 comprises terminal 20, lead 24,
contact 34 of relay 16, which will be described hereinaf-
ter, armature 26, contact 38, and then extends by way of
lead 28 to the input winding of the ballast 12. The other
stde of the input circuit comprises terminal 22 and then
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extends by way of lead 26 to the other terminal of the
mput winding of the ballast 12. The output circuit of the
ballast 12 comprises lead 30 which extends from the one
terminal of the ballast, usually connected with an output
winding to the HPSV lamp 14, lead 40, the solenoid 42
of relay 18, which will be described hereinafter and
leads 32 connected to the other terminal of the ballast,
usually connected with a secondary winding.

Relay 18 comprises solenoid 42, armature 44 and
contacts 46 and 48. It provides a normally closed circuit
by means of the contacts and suitable biasing means
associated with the armature.

Current flow through the HPSV lamp 14 included in
the output circuit of ballast 12 energizes solenoid 42
which disengages armature 44 from contacts 46 and 48,
thereby opening the circuit which includes these
contacts. That circuit comprises junction 50 on lead 24,
solenoid 32 of relay 16, lead 54, contact 46, armature 44,
contact 43, lead 56 and junction 58 on lead 26. When the
HPSV lamp 18 carries no current, as for example when
it is extinguished, solenoid 42 is deenergized which
causes armature 44 to engage contacts 46 and 48,
thereby closing the described circuit.

Relay 16 comprises solenoid 52, armature 36 and
contacts 3¢ and 38. The circuit including contacts 34
and 38 and armature 36 is normally closed, and is con-
structed in a known manner to provide a time delay so
that only after a short period of time following the
energising of the solenoid 52 will the normally closed
circuit open. When this occurs, armature 36 disengages
from contacts 34 and 38. Solenoid 52 is energized only
when there is no current flowing through the HPSV

lamp 14 in such a manner as to cause armature 44 to be
pulled off its contacts against a mechanical bias by way
of the action of relay 18 as described.

At the time that power is applied to the ballast and
HPSV lamp system 10 at terminals 20 and 22, armature
36 of relay 16 is already engaged with contacts 34 and
38 closing the input circuit and permitting power to be
applied to the input winding of ballast 12. At the same
time, armature 44 of relay 18 is engaged with contacts
46 and 48 maintaining the circuit closed between junc-
tions 50 and 58 and thereby energizing solenoid 52
which begins its time delay. The time delay of relay 16
1s chosen to be longer than the longest period of time
required by any HPSV lamp to be ignited or re-ignited
by this circuit. This time delay keeps armature 36 en-

gaged with contacts 34 and 38 and maintains power

applied to the input winding of the ballast 12 through
the mnput circuit long enough for HPSV lamp 14 to be
ignited normally. During this normal period of time the
igniter in the ballast 2 is operating to provide high
voltage pulses to the lamp 24 to ignite it.

If ballast 12 and HPSV lamp 14 are in good operating
condition, HPSV lamp 14 will ignite a short time after
the power is applied to the ballast and HPSV lamp
system 19 through operation of the igniter. When lamp
14 ignites, current will flow through the output circuit
thereby energizing solenoid 42, disengaging armature
44 from contacts 46 and 48, opening the circuit between
junctions §0 and 58, de-energizing solenoid 52, keeping
armature 36 engaged with contacts 34 and 38, the input
circuit closed, and power applied to the input winding
of ballast 12.

With the larﬁp 14 1gnited, the igniter within the bal-

last 12 ceases pulsing and no stress is placed on its com-

ponents. Relays 16 and 18 are now stable, and no further
changes will occur in them until either power is re-
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moved from the ballast and HPSV system 10 or the

lamp 14 is extinguished. This normal-condition has the
relay 18 in open contact condition whlle the relay 16 is
in closed contact condition. =~ -

If the ballast 12 or the lamp 14 is net in good eperat-
ing condltmn, the HPSV lamp will not ignite after
power is applied to the terminals 20 and 22 notwith-
standing the attempts of the igniter to ignite the lamp
and no electric current will flow through the output
circuit. If the ballast 12 is defective it may heat up and

even by heat transfer to nearby objects unless discon-
nected from the line. If the lamp 14 is defective but the
ballast 12 is not defective, the igniter will attempt to
start the lamp and repeat its pulsing. This will eventu-
ally destroy the igniter components and, even if the
ballast is manually disconnected after a period of time
before the igniter destroys itself, the life of the igniter-
—and hence the ballast itself will be shortened materi-
ally.

The circuit described includes the solenoid 42 which
must be energized in order for the entire circuit 10 to be
operating. If the ballast 12 or lamp 14 fails, the solenoid
42 will thus not be energized, armature 44 remains en-
gaged with the contacts 46 and 48 and the circuit be-
tween the junctions 50 and 58 remains complete keeping
the solenoid 52 energized.

After the time delay which has been built into the
relay 16 has elapsed the armature 36 is pulled off the
contacts 34 and 38 opening the input circuit and inter-
rupting power to the input winding of the ballast 12.
Relays 16 and 18 are now stable in what may be called
a safety or emergency condition and no further changes
will occur in them until power is removed from the
ballast and HPSV lamp system 10 by opening the line
leading to the terminals 20 and 22. This stable condition
has relay 16 open and relay 18 closed. Current continues
to flow through the solenoid 52 which is designed to
carry the load. No damage can occur to the igniter or
ballast if the lamp 14 is at fault nor can any dangerous
conditions be produced in the ballast if it is at fault.

When power is removed from the ballast and HPSV
lamp system 10 after the relays 16 and 18 have reached
their stable safety or emergency conditions, as for exam-
ple by disconnecting the power from the terminals

both closed. The closing of the relay 16 may be suitably
indicated to let the user know that something is amiss
and he may correct the fault.

When power is momentarily removed from the bal-
last and HPSV lamp system 10 after HPSV lamp 14 is
ignited which might occur during 2 momentary power
failure, relays 16 and 18 are de-energized. When power
1s reapplied, the procedure described is once more car-
ried out. This time, however the lamp 14 is hot, so the
time delay must be longer than the longest time required
to re-ignite the hot HPSV lamp 14. Operation of relays
16 and 18 then continues in the same manner as when
power 1s applied to the system.

Variations are capable of being made without depart-
ing from the spirit or scope of the invention as defined
in the appended claims.

What it i1s desired to secure by Letters Patent of the
United States is:

1. In a ballast de-energizing circuit for a high-pressure
metal vapor lamp system which is adapted to be con-
nected to a relatively low voltage a.c. power source and
in which there is a ballast with input leads and having an
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cause problems through melting potting compound or -

6

automatle igniter, the ballast adapted to have its input

leads connected to the power source and its output

leads connected to the lamp, the mventlon herein which

comprlses I : |

‘A, circuit interrupting means in one-of the input leads
of the ballast and actuating means for operating the
circuit interrupting means to open the one lead and
de-energize the ballast after a predetermined time
delay longer than the igm'tien time of the lamp
when hot, and

B. sensmg means assoclated with said lamp for sens-
ing whether current flows through said lamp, said
sensing means being coupled with said actuating
means and serving to cause said actuating means to
operate said circuit interrupting means to open said
one lead when it senses that current is not flowing
through said lamp but serving to prevent said actu-
ating means from operating when current is flow-
ing through said lamp.

2. The invention as claimed in claim 1 in which said

sensing means comprise a first relay whose solenoid is in

series with the output leads and lamp and an armature

arranged to connect said a.c. power source to said actu-

ating means.

3. The invention as claimed in claim 2 in which said
actuating means comprise a solenoid of a second relay,
the current interrupting means comprise the armature
of said second relay and the armature of the first relay
is 1n series with the solenoid of the second relay and
together therewith connected in shunt across said input
leads.

4. A ballast de-energizing circuit for high-pressure
metal vapor lamp system which 1s adapted to be con-
nected to a relatively low voltage source of a.c. power
and which comprises:

A. a high-pressure metal vapor lamp ballast which
has an internal self-operating igniter of the type
which continuously produces high voltage 1gniting
pulses until a lamp connected to the ballast ignites
and thereafter ceases operating, said ballast having
two input terminals and two output terminals,

B. a high-pressure metal vapor lamp connected in a
series loop with said output terminals,

C. a first lead connected with one input terminal and
adapted to be extended to one side of said a.c.
power source and having first normally closed
circuit interrupting means in series therewith,

D. a second lead connected with the second input
terminal and adapted to be extended to the second
side of said a.c. power source,

E. a shunt conductor extending from said second lead
to the first lead on the side of said interrupting

means away from the one input terminal, said shunt
conductor having a time delay actuator and second
normally closed circuit interrupting means in series
therewith, the time delay actuator being arranged
to operate the first normally closed circuit inter-
rupting means when current flows through said
actuator, but only after a predetermined time
longer than the ignition time of the lamp when hot,
F. a second actuator in the loop and 1n series with the
lamp and arranged to operate the second normally
closed circuit interrupting means when current
flows through said actuator,
whereby ignition of said lamp will cause current to flow
through said second actuator to open the shunt conduc-
tor and prevent operation of said first actuator, but
current interruption in the loop will close said shunt



4,206,385
7 - 8

conductor and open the first circuit interrupting means ~ armature and solenoid, respectively of a relay, there

to de-energize said ballast but only after the time delay. be?%iiiiﬂfl}i:: ;Zlgasi}ned in claim 4 in which the lamp
9. The circuit as claimed in claim 4 in which the

is a high pressure sodium vapor lamp.
circuit interrupting means and its actuator comprise the 5 @ % F % &
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